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TANK ThSTS OF A 1/8-8IZE DINAMIC MODiL OF THE

?BEY;3 ATRPLANE WITH INCREASED POVER -

NACA MODIL 131
By Joe W. Bell and: Robert F: Havens
INTRODUGTION ' .

The Consolidated Aircraft Corporation has undertaken the
Installation of 1800—horsepoﬁer'engines in the PB2¥-5 alr-
plene in place of the present 1200-horsepower enginés. With
this additlonal power, the operation of Lhe airplané %s ex-
.pected to Include flights at e gross load of 76,000 pogndé.
Since earller tests-of a 1/8-size dynamic model of the PB2Y-3
airplano with simulated Jet motors (reforence 1) indicated
that the slrplans would be unatable on the water at loads of
76,000 pounds, further tests of the model.wsra_ngcessa;y.

The stabllity and spray tests described hepgin were made
"to determine the performnance of .thuy model on the water when
tested at both the present and the projecpea conditions of
gross load and englne power. The data obtained thoerefore
gsover a range-of oporating conditions, .such that ths ppé-
sant performance of .the PB2Y:5 alrplans can be .dirocctly com-
pared with results of tho model tagts.’ Su@h a*camparison

affords a basis for the proper 1ntorpretatisn'of_tge mq@el-data




..... : ;ra.;iﬁﬁﬂﬁllv.

at higher gross weights and assures.a more acgurate esti-
mete of the performance of the PB2Y—3 aiyplane when
equipped with the larger engines, _

This Investigation was part of the work requested by
the Bureau of Aeronautics, Navy Department, on May 5, 1941,
and was conducted during February and March 1943, The
Consolidated Alrcraft Corporatioh was represented by
.Messrs, E. G. Stout and H, E. Brooke.

DESCRIPTION OF MODEL
The construction and special features of this modél;
' designated NACA model 131, are described in reference 2.
'ﬁigure 1 shows the general arrangement of model 131 and
' gives'important dimensions.
The locations and dimensions of the ventilating
. Qucts of the model are shown in figure 2, These ducts
wefe part of a ventilation system which had been lnstalled
in the mcdel for use in earlier tests and were a convenient
approximation to those used on the full-slze alrplane.

The wing was of normal area and was equlpped with
partial-span, lnboerd flabs and leading-edge slats, Each
of ‘the four nacelles housed an alternating—current induc—
-"tion motof'wﬁich was directly connected to a three-blade

"metal propeller, 19'32'- inches id’diemeter. = =~ '

The angular setting of the propeller blades and speed

of rotation which would produce scale take—off thrust were
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determined from the propeller test curves given in refer—
ence 2. A constant blade angle of 8° at 0 75 radius was
maintained and the speed of rotation changed to simulate
changes in engine power, The propellers’of the model
tnrned at 6200 rpm to reproduce the scale take—orf thrust
of the airplane eguipped with 1200—horsepower engines and
at 7000 rpm to reproduce the increased take—off thrust
provided by 1800—horsepower engines.

Provision was made on the model for the interchange
of_geometrically simllar elevators and elevators havtng
a ?0—percent increase in chord, eilther oP wvhich could -
be controlled by means of a control stick mounted on the
carriage, _

The pitching moment of inertia of model 131, when
balanced with the pivot at 28 percent of the mean aero—
dynamic chord, was found to be 15.9 slug;feete. This
value agrees closely with the scale moment of inertia;

15.3 slug—feeta, given in reference 2 for a gross load

of 76,000 pounds.,

APPARATUS AND PROCEDURE
**.* General
This investigation was made in NACA tank no. 1

(reference 3) and consisted of:
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(1) Aerodynamic tésts to develop a conriguration of
the aerodynamic surfaces having characteristics comparable
to predetermined vind—tunnel results,

(2) Hydrodynamic tests to determine the stability
and spra#lcraracteristics.of the model during accelerated
runs. | l

Aerodynamic Tests

The aerodynamic tests were made in the usual marner
with the ﬁodel pivoted about a point at 25 ﬁercent of the
mean aerodynamic chord and suspended just above the water
under the main carriage. The model was towed at a constant
speed of approximately 42.5 feet per second, while 1ift
and trimming forces were measured with ring dynamometers.
All aata were obtained at the mid-length of the tank,

Power—off tests were mede with the propellers removed
from the mo&el.

Since the airspeed just ahead of the model was 5 per-—
cent greater than the speed of the carriage, all tests
simulated normal full-scale operation in a light head
wind. Nevertheless, values of 1ift and trimming-moment
coefficients were computed from true carriage speed rather

than from true airspeed.,
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Hydroﬁynamic Tests

These teats were made in the manner described 1n ref-
erence 4 by towing the model under the mein carrisge at a
-constant rate of acceleration in order to determine the
variation eof trim with séeed at several elevator settings.
The greater part of the tests were made at an acceleratlion
of 1 foot pe£ secoﬂd per second, which is the normal
accelsratlion used.
- Higher acceleratlons were used durlng several tests,
howsver, to deternine the effects of a more rapld take-off
run. The rodnl was towed [(rom varlous posltlons qQf the
center of grevlity at consscutive saccelerstions of 1, 2, and
3 feot pe} gacond per second. Records of the varlatlion of
trim with speed were obtalned by means of a correlation of
motlon pletures of the trim scale readings with records of
distance-and tinme. At the sams time motlion plctures of the
bow of the modsl were taken to show the height and volume of
the bow spray during different accelerations. These plectures -
were made at 6l, frames per second when the gross welght of the
model was 1,3 pounds (76,000 pounds full size) and the pro-
pellers were turning at 7000 rpm.

The motors wsre turned on durlng the normal accelsrated
runs at a speed of approximately 15 feet per ssecond in order

to avold the destructive effects of spray. Since hump speed
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was about 17.5 feet per second, the effects of bswer were
applied throughout the critical planiﬁg range.
RESULTS AKD DISCUSSION
Aerodynamlic Tests'
The aerodynamic characteristics of model 131 with seversal

configurations of the serodynemie surfeaces and differont
amounts of power are presented In the fizurgs listed in the

following table:

B .t e ————

e H . '
% i | stabilizer setiing
i1gure | Propeller|. relativ: to Klsvetor 'lap
no. | rym " base lins ! chord defiection|"
: (deg) (dag)
- m_+____". -_— . -
z ' 0 | -3 Hormal 20
! o) -3 . Nornal 490
5 5 0 -3 Inecreasad 29 :
§ \ o 2 ~~-30==== 2) |
i 100s S it N v
u 1 1 LR 0---.— ] g
Thaes 3 Tl o8
. i - e dOm——— IR
8  foov -3 ~==do====! 29
i 7000 l -3 mm=dOmm——— Lo
i 9 0 0 ; -3 Normal | 20
' ¥ 0 I e Increased i 20
10 [ el -3 | ~==do=-=~ . 20
! 200 i -3 | —==C0====| 20
( 7000 ; -3 e 20

"t emm e = o v — -

——

Lift end trimming-moment coefflclents ars raferrced to
standard alr denslty, normal wling arce, and ths speed of the
carriago.

Figures 3 and || compare the power-off aerodynamic charac-

terlistlcs of the flnsl confijuration of the model, as tested
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on the water, with wind-tunnel results furnished by the repre-
sentatives of the contractor., The elevator effectlveness

of thé tank model with normal chord elevators and the. sta=
bilizer set at -3° relative to the base line was slightly
éregter than the wind-tunnel model, except at stall.. Bx=-"
cé;lent ggreement is shown for the. values of the maximum
lift_coefficients and for the slopes of the 1if% and'momentil
ocurves. . Y

The effect of changing the stubillzer setting from -3°
to 2° relative to thne base llne of the model 1s shown in
r;gure 5 Resul ts of tests with Incressed chord elevators
are given in this figure, as well-as in figures 6, 7, and 8
whilch are plots of merodyn:.ic tests wlith power. These
elevatbrs had been used on the model during previous tests
under the auxillary carriage. Since good agreement with
power-off, wind-tunnel data was obtained in the present tests
with scale elevators (figs. 3 and l}), the greater 1ift and’
control moment afforded by increased chord elevators‘(shown - -
in fig. 9) were not considered necessary.

The effects of running propellers on the aerodynamic
characteristics are shown 1n Tigure 10.. There are foﬁr
priﬁcipal effects: (1) greatly increased 1lift, (2) an iﬁi~
crease in the slope of the lift curve, (3) increased eleva-

" tor effectiveness, and (l;) decreased static pitching ste-~
bllity. Figure 10 also gives the results of wind-tunnel
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tests with power, in which are included the changes in 1ift

and trimming momenf due to ground effect. This figure shows
discrepancles between tank and wind-tunnel data vhich do not
occur in the power-off conditlion. A ccmparison of the condi-
tions under which-both tests were made, however,- partially ac-
counts for these differences. Tank tests are made at fela-'
tively low speeds with scale teke-off thrust, while wind--
tunnel tests are usually made at high speeds in order to dupli-
cate a svecific steady-flight conditlion. Since the 1aoment
caused by thrust end the trimming moment caused by other aero-
dynamic forces do not very in the same mannser with sneed, the
negative increments of trirming-noment cosfficisnt caused by
power 1n tank tests usually are much greater than that result-
ing from wind-tunnel tests at higher speeds. This is shown |
In figure 10 to be the case for the present teste. Further-
more, ground-effect correctlons applled to wind-tunnel test
curves are subject to lnaccuracies, especlally when considera-
tion must be made of the effects of slipstrean.

Because or the possibllitr of lnaccurecies in ground-
effect corrections together with the difference In thrust-nmoment
coefflclient at different speeds, the method used for correla-
tlon of tank and wind-tunnel results was tre reproduction of
the 11ft and trimming-moment coeffilcient in the power-off

condltion.



-9 -

Hydrodynamlc Tests
The following teble 1s an index to the hydrodynamic
tests- made at the- normal -acceleration. and inélﬁdes a partlal

1list of the figures in which test results are plotted:

]
Conditions of the test Index to flgures
| . 1 Limits
Model ‘ Full size - .| Max. of
- Varlation ampl.. stable,
Horse~ of trim of porp.} pos. of
Load Flapa| power Load |wlith speed|eageinst CeZs
(1b) {Rpm | (deg)| per (1v) pos. ageinst
. , engine c.g. load
i 143.0{6200{ 20 1200 |76,000!  11(a) - _
f140.016209 20 1200 |72, ooo 11(b) 12 T 13
155.3] 6200} 20.' 1200 |79, 000! 11(c)
148.0|7000| 20 | 1300 |7s,000! 1u(a)
: 140.0 i 72,000} Uy (b) 15 .16
1?r.8 ! 70,000; (c)
f3.0{7000] o0 ! 1800 {76,000: é(a) 19
;132.8 | 70,000} 18(b)
148.0{7000} LO | 1800 |76,000: 20(a) 21
155.3 5 70,000  20(b)
! ! A & L N

Effoct of gross load wlth normal englne powar, flaps:20°.
Curves of the variation of trim with speed at all of the Zross
loads tested with nérmal power (6200 rpm) are given in figure
11. - In nearly all cases, at aft locatlons of the center of
gravity with up elevators, the model took off'during divergeﬁf
upper-1imit ponpoising. The amplitude of porpoislng Just .
before take-off at aft positions of the center of gbavity has
been plotted in figure 12, together with the maximum amplitude
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of lower-1limit porpolsing at forward positions of the center
of gravity. Flgure 13, which 1s a summary of flgures 11 and
12, shows the snall effect increased load had upon the stable
range of the posltions of the center of gravity, considering
the allowable magnltude of porpoising ampllitude to be 20.'
The steble range decreased from approximately 5.8-percent
mean aerodynamlc chord at a gross load of 70,000 pounds to 5-
percent mean aerodynamic chord at 76,000 pounds when deter-
mined with olevator settlings of 0° and -20°, The determina-
tion of the range ol stable positlons of the center of gravity,
however, depends greatly on elevator settlng, as 1s shown in
figure 13.

Effect of gross losd wlth Increased engine power, fleps 20°, -

The results of acéélerated‘runs with increased power (7000 rpm)
at three grosy loads are plotted in figures 1l and 15 and sum-
maerized in figure 16. A comperison of figure 1l with flgure 11
(normal. power) shows the decreased trim produged by lncreased
propeller thrust, The range of étable locations of the center
of gravity shown in figure 16 was l-percent mean aserodynsamic
chord at a gross load of 79,000 pounds and 3~percent of the
mean aerodynamic chord at 76,000 poundis.

Effect of increased load and power wilth flaps et 20°, -

Figure 17 shows that a change 1n operating conditions from a
gross load of 70,000 pounds with a propellsr spsed of 6200 rpm
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to a gross load of 76, 000 pounds with a propeller speed of
7000 rpm .has little effeot on the aft limit of the .centsar

of gravity (ebout 38-percent mean asrodynamic chord in

both cases) but moves the forward limit from 32-percent mean
aerodynanmic chord to 35~percent mean aerodynanmic chord.
Although these limits may not be in exact agreement with those
experienced in the operation of the full-size alrrlsne, the .
change in 1llmits 13 believed to be lndicatlve of' the chenge
that will result from lncreasing the powsr and the gross load
of the alrplane. The incréase 1n power and grossg wsight
appears to requlire a forward movement of the step IFor ste-
bility at normel posltlons of trke center of gravity.

Tha bow sprey was particularly objectiona%le with in-
creassd load and power, Water rose verticelly shsed of the
bow until the modsl obtalned a speeod of abouf 10 fest por
second (17 knots fnll slze), Large amoﬁnts of spray which
entered the lnbosrd propoller disks were thrown to the out-
board propellers and over ths wing throughout a speed range
from 12 to 23 knots (full size).

BEffact of deflection of flapa on stabllity, - Hydrody-

nemic tests were aslso made to determine the 1limita for stable
positions of thp conter of gravity with fleps set’ at 0° and
at hOo Curves of the varlation of ‘triti with speed (figs.
18 and,20) are cross-plotted in figurss 19 and 21 to show the
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maximum amplltude of porpoising at a-pfopeller speed of 7660
rpm. Figure 22 shows the effect of the deflection of flap;
on the range of st;ble.pésitioné of the center of gravitj.

A greater change 1n stablllty charecteristlcs résultad from
changing the deflection of the flaps from 0° to 20° than from
20° to L0°. The effect of deflecting the flaps 40° fror the
retracted position was to decrease the range of stable loca-
tlons of the center 6f gravity by apbroximately 2.% percent
of the mean serodynamic chord and to move the midpoint of the
stable range af't by aﬁout l3-percent m@an acrodynamis chord,

Iffect of accelereation on stability end s»eray, flaps 209,

An indication of the effect of accelesration on the nn; snltude
of porpolsling and tha formation of bow spray was obtalned by
towing the model at acﬁeleratione of 1, 2, and % f{eet per
secondz, with the propellers turning 7030 .rpm. Plokts or fhe
variation of trin with speed and acceleration at seversl
loads and several locatlons of the center of gravity are glven
in figure 23. Thls figure shows that porpoising occurred
within the same range of speed at all accelerations and that
the frequenéy'of an avérage porpolalng cycle was not greatly
changed by acceleration. Ths veriations in acceleratlon
which occurred durinz the runs of figure 23 wers duz to the
difficulty of control of the speéd of the carriage. Cross

plots of maximum amplitudé ol porpoisiné against accelsration,
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glven in figure 2l show that the amplitude of porpoising was
decreased by the use of higher accelerations. Tn view of
thils trend, the inconsistent results obtained in run A and
run B (fig. 23) show that other considerations such asd waves
in the tank, small deflectiona of "the elevator, smdll changes
in the balance of the model, and 1ngonsistent application of
power can cause effects large enough fo obscure the effects
of acceleration. It ‘is believed, however, that & more -
precilse but less conservative determination of ‘the stable

~ limits of .the locatlon »of the center of gravity would beé
ocbtained by model tests in which the averare full-scale
acceleration was approximately reproduced.

Hotion pilctures of model 131, takeh during runs at the’
consecutively higher accelerstions-of 1, 2, and % feet per
second per second indicate that acceleration has 1little
effect on -the formation and distribution of sprayry at'a gross
load of 76,000 pounds full scale. Large amounts of spraj
entered the propeller disks 1n al) cases, but the excessive
spray..lasts for a shorter time, of course, with the higher
accelerations.

CONCLUDING '‘REHMARKS

Tests of model 131 with propellers turning at 6200 rpm
slmulated operation of the PR2Y-3 airplane equipped wilith
engines-of 1200 horsepower, while tests with the propellers
of the model turning at 7200 rpm -simlated operation of a
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modified PB2Y-3 glrplans with engines of 1300 horsepower. The
results of these tests can be summarized as follows:

1. The effect of gross load on the range of stable posi-
tions of the center of gravity at both propeller speeds (6200
and 7000 rpm) was small for the gross loads tested. The
range was decreased approximately l-percent mean aerodynamlic
chord in tegts with a flap deflaction Bf 20° by increasing
the load from 70,000 pounds to 76,000 pounds full size.

2. Increased power and load had 1little effect on the
aft 1imlt of stable range of locatlons of the center of gravity
but moved the forward 1llmlt aft about % percent. With 20°
flaps, at a gross load of 135.8 pounda (70,000 pounds full

size) and a propeller speed of 6200 rpm, the forward limit
determined wlth neutral elevators occurred at 32- percent
mean aerodynamlc chord, whlle the aft 1llmlt determlned with
-20° elevators occurred_at 33-percent mean aerodynamic chord.
At a 'gross load of 13 pounds (76,000 pounds full size) and =
propeller speed of 7000 rpm, the forward and pft 1llmlts oc-
curred at 35-percent and 38-percent mean aerodynsmic chord,
respectively. The possalollity of low-angle porpolsing at
normal positions of the center of gravity is thereby increased
unless the step ls moved forward.

3. Deflectlon of the flaps from O° to 20° produced &
greater aft displacoment of the range of stable locatlons

of the center of gravity than was produced by the deflectlon



- 15 -

of the flaps from 20° to h0°. The stable range was decreaséé
about 2.5-percent mean aerodynamic chord and moved aft 13-
percent mean aerodynamlic chord by deflecting the flaps from
0° to 40°.

i, Records taken when the model was towed at accelera-
tions of approximately 1, 2, and % .feet per second per
second show that the maximum ampllitude of porpéising of a
dynamic model 1s decreased when the acceleration durlng taeke-
off 1s lncreased. At forward locations of the center of
gravity, the maximum amplitude of vorpolsing obtalued at the
normal rate of acceleration (1l.fs0ot per seocond per second)
was decreased by as much as L0 percent when test runs were
made at 3 feet per second per second.

5. £xcesslve emounts of water and snray came in contact
with the inboard and the outboard propellers at gross loads
of both 70,000 pounds and 76,000 pounds. Varlatlons 1n the

acceleration of teke-off had little effect on the form and
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distrlbution of bow spray. However, the affects of spray
can be minimized by rapid accelsration through the critical
speed rangs.

Langlay Memorial Aeronautical Laboratory,.
National Advisory Committee for Aeronautics,
Langley Fleld, Va., June 9, 19,3
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Figure 24.- Model 131, Variation of maximum amplitude
of ?orpoising with acceleration for
different positions of the center of
gravity. laps 20. Propeller rpm 7000,
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